Abstract-An experimental study was conducted, using a Rotating Wheel Tracking and Erosion Tester (RWT) with the aim to compare the aging performance of different insulators under AC and DC (both polarities) excitation. The procedures of the standard were adapted to perform AC and DC (both polarities) tests on 6 practical insulators from different manufacturers, representing different materials and specific creepage distances. The results obtained confirm the extreme severity of the test, especially for the silicone rubber insulators. The DC tests turned out to be more severe than the AC tests. The formation of a brown deposit on the insulator surface was observed and investigated.
I. EXPERIMENTAL ARRANGEMENT
Some polymeric insulators exhibit the property of hydrophobicity, which ensures improved performance in polluted areas. However, field experience and research studies have highlighted the possibility of material aging, especially in polluted environments. Although initially hydrophobic, the insulator may become hydrophilic, leading to the flow of leakage current and dry band arcing. Under certain circumstances a polymeric insulator can also regain its hydrophobicity [1] . Various internationally standardized test methods have been developed in order to test polymeric insulator materials regarding their ability to resist a number of environmental aging and degradation factors such as tracking and erosion. Tracking refers to the formation of conductive paths (tracks) on the surface of an insulating material. Erosion is the irreversible loss of material [1] . A typical test method is the Rotating Wheel Tracking and Erosion Test which is described in IEC Standard 61302 [2] for cylindrical test samples and another is the Inclined Plane Tracking Test [3] . Further test procedures, given in IEC Standard 62217 and used as screening tests for complete insulators are the Tracking Wheel Test and the 1000 h salt fog test [3] . While the above tests and specifications apply to an AC test voltage excitation, there is a need for research on the tracking and erosion behavior of insulating materials under DC excitation. In recent work by some of the present authors the inclined plane test was adapted for DC testing [4] . The severity of DC testing, compared to AC testing was confirmed. In the present research complete actual insulators are used in the Rotating Wheel Tracking and Erosion Test. The aim of the research is to compare the performance of different materials and to study the effect of the type of voltage energization, i.e. AC, positive DC and negative DC.
II. EXPERIMENTAL PROCEDURE
A Rotating Wheel Tracking and Erosion Tester was designed and constructed in accordance with IEC Standard 61302. The apparatus was designed in such a way as to be able to accommodate up to six samples and to be able to accept AC and DC voltages [5] .
• Test Apparatus
The apparatus is shown in Figure 1 . The wheel is mounted with its axle at an angle of 15° with the horizontal and rotates at a speed of 3 revolutions per minute. The test specimen is dipped into a specified salt water solution for 60° of a revolution. Thereafter it is withdrawn from the solution and the salt water is allowed to drip from the surface of the test specimen for the next 60°. The test voltage is applied to the insulator during the next 180° and finally the test specimen goes through a final resting phase of 60° before the cycle is repeated. The same value of 13.6 kV was used as the ac rms test voltage and dc test voltage. The rationale for this choice is that the erosion and tracking phenomena are known to be thermally driven. The conductivity of the salt water was in accordance with IEC 62217 (0.243 mS/cm). The water level was kept constant, the water temperature and the leakage currents of the different specimens were monitored.
• Test Samples
The test objects were typical 22 kV insulators, comprising EPDM and HTV SR composite insulators, a RTV SR coated porcelain insulator and an uncoated porcelain insulator. The aluminum fittings of the insulators had to be replaced by stainless steel to avoid problems relating to the formation of an electrolytic cell involving the steel tank, the aluminum end fittings of the insulators and the salt solution. Before effecting these changes a circulating electrolytic current was measured even with the supply switched off. This was caused by the socalled lasagna cell effect.
The details of the types of insulators tested appear in Table  1 . The table gives both the specific the creepage length (SCL) and the unified specific creepage length (USCL). The SCL previously used for ac has now been superseded by the USCL that is used for both ac and dc applications. These parameters are given by the following equations:
with L : Creepage Length (mm) U: Test voltage across the insulator (kV rms)
III. TEST RESULTS
The duration of each test was approximately 1000 h (7 weeks) and the test samples were evaluated at the end of the period. Typical current traces are given for insulators E-28 and SA-28 in Figure 2 while Figure 3 shows the visual appearance of the insulators at the termination of the tests. Some samples failed before the end of the test and some tests were interrupted for periods as can be seen in Figure 2 . The highest values of maximum leakage current recorded for all tests are represented in Figure 4 while Figure 5 shows the hydrophobicity class figures after each test. • The leakage currents on insulator E-28 were similar for all three voltage types and the insulators were subject to moderate erosion in all three cases.
• The leakage currents were higher for insulator SA-28 compared to E-28 in the case of DC excitation, especially in the case of positive DC. Appreciable erosion occurred with positive DC.
• Insulator SB-28 experienced a considerable amount of erosion and resulting failures with all voltage types -positive DC being the worst case. In the case of insulator SB-35 the AC performance was acceptable but the insulators failed for both DC polarities.
• The porcelain insulators had the best performance in terms of leakage current as material aging does not occur.
• Insulator PS-28 suffered irreparable damage in case of all voltage types and flashed over for both DC polarities.
Brown deposits were noticed on all insulators. It was surmised that the source of the layer was the corrosion of the stainless steel end fittings and arcing at the springloaded contacts. Subsequent to the tests samples from the insulator surfaces were analyzed, using energy-dispersive X-ray spectroscopy analysis (EDS) conducted by means of a SEM. The results of all the insulators were similar and the results for insulator SA-28 are shown in Figure 6 . These results suggest that the brown deposits are iron oxide. Further investigations are in progress to investigate the possibility that these deposits may have influenced the aging performance of the insulators. Preliminary findings suggest that the iron oxide is inert and non-conducting.
V. CONCLUSION
Although very severe, the tacking wheel test has been used to point out fundamental differences in the way that different insulator materials react to AC and DC (both polarities) excitation. Further work is in progress to eliminate the uncertainties caused by the corrosion and arcing by-products.
